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 The most common infectious disease to affect humans is dental caries, 
affecting 97% of the population at some point in a given lifespan (Berg 2006). 
Streptococcus mutans are bacteria found in the mouth that are primarily responsible 
for dental caries formation. These bacteria adhere to the surface of teeth and 
synthesize extracellular polysaccharides from the enzyme glucosyltransferase 
(Ren et al. 2016). Glucosyltransferases use sucrose to synthesize these polysaccharides, 
creating a biofilm on the surface of teeth (Devulapalle and Mooser 2001). When 
the concentration of a chemical signal produced by these primary colonizers 
is of high enough concentration, other bacteria are signaled to colonize on the 
biofilm and can thrive on the tooth surface as well (Loesche 1986). Eventually 
the tooth demineralizes due to organic acids produced by these bacteria and 
starts to decay, leading to dental caries (Ren et al. 2016). 
 Different cuisines around the world call for the use of different spices, 
such as cumin and coriander. Some of these spices are believed to have 
antibacterial effects as well. However, little research has been done on the effects of 
spices and dental caries formation by S. mutans. Previous research has found 
the essential oil of turmeric and cocoa polyphenols to inhibit the biofilm 
formation and growth of S.  mutans   (Lee et al .  2011; Percival et al .  2006). 
Researchers found that the essential oil of Curcuma longa, commonly known 
as turmeric, inhibits the growth of S. mutans as well as their adherence to surfaces 
(Lee et al. 2011). It was also found that turmeric and cocoa inhibited biofilm 
formation of these bacteria by inhibiting their ability to produce organic acids 
(Lee et al. 2011; Percival et al. 2006). This project investigates whether the turmeric 
and cocoa data could be replicated with the use of store-bought spices rather 
than extraction of these spices. In addition, I examine what effects other spices, 
such as cinnamon and ginger, may have on the growth and biofilm formation of S. mutans. 
Materials and Methods
 
 Preparation of Cells: A wild type strain of S. mutans was grown in tryptic 
soy broth containing soybean-casein digest medium (TSB) fortified with a final 
concentration of 2% sucrose. Agar was added to a final concentration of 1.5% 
56
for sol id media plates.  Cult ures grown on plates were incubated in an 
oxygen-deprived ca ndle  ja r  at  30°C for  f ive  days.  An i solated colony of  S. 
mutans  was  transferred to  a  conical  tube containing 10  mL TSB with 2% 
sucrose , and placed in an oxygen-deprived candle jar at 30°C to grow overnight.
 Spice Preparation: Several scoops of each spice were added to test tubes 
and autoclaved for  15  minutes .  Spice  s tock mixtures  were  prepared in 
Eppendorf  tubes with 0.02 g of spice mixed in 1 mL of sterile water. Two 
stock mixtures were prepared for each spice.
 Inhibition of Growth Detection: 200 μL of TSB with 2% sucrose were added 
to each well of a 96 well plate.  Serial dilutions of spices were prepared in the 
wells by adding 200 μL of spice stock mixture to the first well in each row, 
mixing by repeated pipetting, and pipetting 200ml into the subsequent well 
creating dilutions from 1:2 to 1:4096, giving final spice concentrations between 
10 and 0.005 mg/ml.  No-spice controls were treated identically using water 
in place of the spice stock.  10 μL of overnight S. mutans  culture were added 
to the wells diluted with water and with the spice mixture. Controls for the 
spices did not contain any S. mutans  culture. Plates were incubated for three 
days in the candle jar at 30°C. Bacterial growth was detected by using a plate 
reader detecting 490 nm (Figure 1.) 
 Inhibition of Biofilm Formation: Plates for biofilm formation were prepared 
exact ly as described above for growth detect ion. After three days in the 
candle jar,  cel ls were removed from each well by aspirat ing the growth 
medium. Leftover material in the wells was fixed with 100 μL of 10% formaldehyde 
and incubated at room temperature overnight. 
 Formaldehyde was removed the next day and 100 μL of 1% crystal violet 
was added to each well and incubated for 30 minutes at room temperature. Excess 
crystal violet was then removed and wells were rinsed with water three times. 
Plates were left to dry overnight. 250 μL of isopropanol was added to each 
well to solubilize the crystal violet and cell material. The amount of crystal violet 
in each well was determined by using a plate reader detecting 490 nm (Figure 2.)
 Data Analysis:  Data was collected and processed in Microsoft Office 
Excel.  In order to remove interference, wells treated exactly as the experimental 
but without cells were subtracted from the experimentals to record only cell 
growth or biofilm formation. T-tests were conducted between the wells diluted 
with water and the wells diluted with the spice mixtures to obtain p-values.
Results
 Some Spices Inhibit  Growth of  S.  Mutans:  Ginger,  cocoa, and cinnamon 
all  seemed to inhibit the growth of S.  mutans ,  while turmeric and cardamom 
seemed to  have  no  e ffec t .  Ginger  s igni f i cant ly  inhib i ted  growth  a t  a 
minimum inhibitory concentration (MIC) of  2 ,500 mg/mL (p=0.03) .  Cocoa 
significantly inhibited growth with a MIC of 78.1 mg/mL (p<0.001). Cinnamon 
signif icant ly inhibited growth with a MIC of 5,000 mg/mL (p=0.01).  Figure 
1 summarizes the growth inhibit ion of  each of  the spices tested.
 Some Spices  Inhibit  Biof i lm Formation:  Cocoa and c in namon in hibited 
t he biof i lm formation of  S.  mutans  while ginger,  turmeric ,  and cardamom 
had no effect .  Cocoa signif icantly inhibited biofi lm formation at  a  MIC of 
2,500 mg/mL (p<0.01).  Cinnamon significantly inhibited biofilm formation 
at  a  MIC of  5 ,000 mg/mL (p<0.01) .  F igure  2  summarizes  the  e ffec t  on 
b io f i lm format ion  by  each  o f  the  sp ices .
 
Discussion
 Although previous research has discovered the ue of  essential  oi ls 
of turmeric and cocoa polyphenols to have an inhibitory effect on the biofilm 
f o r m a t i o n  a n d  g ro w t h  o f  S .  m u t a n s ,  i t  a p p e a r s  t h a t  l e s s - c o n c e n t r a t e d , 
 
Figure 1 Average absorbance readings at 490 nm of S. mutans at varying spice 
concentrations. A t-test was conducted to determine significance. *Cocoa, cinnamon, and 





































common household spices can have the same effects .  Using powdered 
forms of  cocoa,  ginger,  and cinnamon from the grocery store inhibited the 
growth and biofi lm formation of  these organisms as well . 
 Ginger seemed to inhibit only the growth of S.  mutans  at a minimum 
inhibitory concentration of 2,500 mg/mL and have no effect on the biofilm 
formation of  these organisms.  Cocoa and cinnamon both inhibited growth 
at  minimum inhibitory concentrations of  78.1 mg/mL and 5,000 mg/mL 
respectively.  Cocoa and cinnamon also inhibited biofi lm formation at 
minimum concentrations of  2 ,500 mg/mL and 5,000 mg/mL. This decrease 
in biofi lm formation of  S.  mutans  by cocoa and cinnamon could be due to 
inhibit ion of  acid production and reduced adherance. 
 Despite previous findings indicating inhibitory effects of turmeric, 
the current study did not confirm these results .  This  contradiction could 
be due to concentration differences between the studies as well as variation 
in start ing materia such as raw powdered form versus isolated extracts . 
Cardamom also seemed to have no effect  on growth or biofi lm formation. 
On average,  a  typical  serving size in a recipe containing ginger powder 
has about 0.25 of  a  teaspoon of  the spice.  This  equates to a concentration 
about  1 ,800  t imes  smal ler  than  the  concentra t ion  we  were  s tudying . 
S imi lar ly,  a serving size containing cinnamon has between 0.25 of a teaspoon 
and 0.04 of a teaspoon, which is 31,000 to 3,500 times less concentrated than 
our studies.  The concentration of  cocoa in our studies is  a  l i t t le  closer to 
the average serving size of  cocoa powder,  being seven to 11 t imes greater.
 
Figure 2 Average absorbance readings at 490 nm of biofilm formation at varying spice 
concentrations. A t-test was conducted for significance. *Cocoa and cinnamon 































 Previous studies had tested concentrated extracts  and oils  of  a  few 
of these spices and found them to inhibit the growth and biofilm formation 
of  S.  mutans .  However,  i t  is  surprising to see a similar  effect  from the use 
of common household spices on these organisms.  Despite serving sizes 
having a smaller concentration of these spices than our study concentrations, 
our research was done in vitro. It is possible the presence of other ingredients in 
recipes have an additive effect on the growth of S.  mutans  in vivo.
 These findings suggest that an increase in the consumption of cocoa, 
c innamon,  and ginger powder could decrease dental  caries formation. 
Future analysis  could rely on an established mouse caries model  with 
carefully monitored consumption of  spices to determine the validity of 
this  argument.  Cooking with these spices more often could potential ly 
supplement dental  care in preventing dental  caries formation.
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